Laboratory Performance Evaluation on Analysis of Cadmium and Lead in Herb through Participation in the Regional Laboratory Comparison APMP QM-P10  by Ridwan, Yohanes Susanto & Nugraha, dan Willy Cahya
 Procedia Chemistry  16 ( 2015 )  209 – 215 
1876-6196 © 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Research Center for Chemistry, Indonesian Institute of Sciences
doi: 10.1016/j.proche.2015.12.043 















&30?-4;?4>9?=:<0=08.09130,@C70>,6= 48 >3008@4<98708>,<4=482 1<97@,<49?=8,>?<,6,8/,8>3<9:92084.,.>4@4>40=3,@060/>9 >30
















© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Research Center for Chemistry, Indonesian Institute of Sciences
210   Yohanes Susanto Ridwan and Willy Cahya Nugraha /  Procedia Chemistry  16 ( 2015 )  209 – 215 
 
'=2?ED2C6E96D@FC46@7?2EFC2=AC@5F4EDH9:4924E2D>@56=D7@C?6HA92C>24@=@8:42==J24E:G64@>A@F?5D	
&G6C  A=2?ED 92G6 366? C64@>>6?565 3J .@C=5 62=E9 &C82?:K2E:@? .& 32D65 @? E96:C >65:4:?2=
2EEC:3FE6D	 .:E9 E96 6G6C:?4C62D:?8 FD6 @7 96C32= >65:4:?6D H@C=5H:56 2?5 E96 C2A:5 6IA2?D:@? @7 E96 8=@32=
>2C<6E7@CE96D6AC@5F4EDE96D276EJ2?5BF2=:EJ@7>65:4:?2=A=2?E>2E6C:2=D2?57:?:D96596C32=>65:4:?2=AC@5F4ED
92G6364@>62>2;@C4@?46C?7@C962=E92FE9@C:E:6DA92C>246FE:42=:?5FDEC:6D2?5E96AF3=:4	
+96.&92D 567:?65 96C32=>65:4:?6 2D P96C3D 96C32=>2E6C:2=D 96C32= AC6A2C2E:@?D 2?5 7:?:D965 96C32=
AC@5F4EDE92E4@?E2:?24E:G6:?8C65:6?ED@3E2:?657C@>A2CED@7A=2?ED@CA=2?E>2E6C:2=D@C4@>3:?2E:@?DE96C6@7Q
FD65E@EC62E2:=>6?ED	 6C3D>2J364@?E2>:?2E65H:E9962GJ>6E2=D5FC:?88C@H:?8:?E967:6=5AC@46DD:?82?5
92?5=:?8	 +96 962GJ >6E2=D ?2>6=J =625 425>:F> 49C@>:F> 2?5  2CD6?:4 2C6 H:56=J 4@?D:56C65 2D A@E6?E:2=





+C246 6=6>6?ED 92G6 3@E9 2 4FC2E:G6 2?5 2 AC6G6?E2E:G6 C@=6 :? 4@>32E:?8 5:D62D6D	 +C246 6=6>6?ED 7@C
6I2>A=6 E96 >6E2=D D6=6?:F> K:?4 2?5 4@AA6C 2C6 6DD6?E:2= E@ >2:?E2:? E96 >6E23@=:D> @7 E96 9F>2? 3@5J	
@H6G6C?@?6DD6?E:2=>6E2=DDF49 2D=625 2?5425>:F>=625E@25G6CD667764ED6G6?E9@F89E96J2C6@?=JAC6D6?E




4964<65 7@C E96 AC6D6?46 @7 962GJ>6E2=D	 *@>6 C6D62C49 DEF5:6D :? D6G6C2= 4@F?EC:6D C682C5:?8 4@?E6?E @7 E@I:4
>6E2=D:? 4@>>6C4:2==J 96C3AC@5F4EDD9@HE92EE96C62C6 C62=A@E6?E:@?@74@?E2>:?2E:@?E92E>:89EE9C62E9F>2?
962=E9 	
.:E9 E96 C2A:5 8C@HE9 @7 96C32= >65:4:?6 EC256 >2C<6E 6IE6?D:G6 DFCG6:==2?46 >@?:E@C:?8 2?5 =23@C2E@CJ
E6DE:?8 @7 962GJ>6E2=D DF49 2D 425>:F> 2?5 =625 :? 96C32= D2>A=6 2C6 42CC:65 @FE H@C=5H:56 ?@H252JD	+9@D6
DFCG6:==2?4624E:G:E:6D2C6G6CJ>F49C6=J@?E96BF2=:EJ@7E9652E2AC@5F4653J2?2=JE:42==23@C2E@C:6D	
?2=JD:D @7 962GJ>6E2=D 92G6 366? @?6 @7 D6G6C2=>2:? :?E6C6DED @7 @FC =23@C2E@CJ @7)6D62C496?E6C 7@C
96>:DECJ ?5@?6D:2?  ?DE:EFE6 @7 *4:6?46D 7@C >2?J J62CD	 +@ 6?DFC6 E92E @FC =23@C2E@CJ 4@F=5 8:G6 A@D:E:G6






D:2'24:7:4$6EC@=@8J'C@8C2>>6'$':D 28C@FA:?8@7?2E:@?2=>6EC@=@8J :?DE:EFE6D%$ D7C@>E96
D:2'24:7:4 C68:@? 6?82865 :? :>AC@G:?8 C68:@?2= >6EC@=@8:42= 42A23:=:E:6D	  E :D 2=D@ 2 C68:@?2= >6EC@=@8J
@C82?:K2E:@?C64@8?:K653J E96 ?E6C?2E:@?2=@>>:E667@C.6:89ED2?5$62DFC6D '$	 '$' 92D366? G6CJ
24E:G6 :? 4@@C5:?2E:?8 :?E6C?2E:@?2= =23@C2E@CJ 4@>A2C:D@? @? :>A@CE2?E 2?2=JE:42= :DDF6 :? D:2'24:7:4 C68:@?	
&H:?8 E@ E96 2?2=JD:D @7 962GJ >6E2=D :? 96C32= >2EC:46D 925 ?@E 366? @C82?:K65 :? E96 '$'
AC@8C2>>6D 2 AC@A@D2= 7@C E96 A:=@E DEF5J @? 425>:F> 2?5 =625 :? 96C3 H2D AC6D6?E65 3J E96 @?8<@?8
@G6C?>6?E#23@C2E@CJ"#2E E96+649?:42=@>>:EE667@C>@F?E@7*F3DE2?46+($$66E:?8:?%6H




%2E:@?2= ?DE:EFE6@7$6EC@=@8J % $ 9:?2
@?8"@?8@G6C?>6?E#23@C2E@CJ "# @?8"@?89:?2
6?EC2=@@5+649?@=@8:42=)6D62C49 ?DE:EFE6 +)  ?5:2
 ?5FDEC:2=+@I:4@=@8J)6D62C496?EC6  +)  ?5:2
%2E:@?2='9JD:42=#23@C2E@CJ ?5:2 %'#  ?5:2
 ?5@?6D:2 ?DE:EFE6@7*4:6?46D # '  ?5@?6D:2
"@C62)6D62C49 ?DE:EFE6@7*E2?52C5D2?5*4:6?46D ") ** "@C62




%2E:@?2= ?DE:EFE6@7$6EC@=@8J+92:=2?5 % $+ +92:=2?5
+92:=2?5 ?DE:EFE6@7*4:6?E:7:4+649?@=@8:42=)6D62C49 + *+) +92:=2?5
+9642?5:52E6@7AC@7:4:6?4JD2>A=6DH6C6E96?DF3;64EE@9@>@86?6:EJ2?5DE23:=:EJE6DE367@C65:DEC:3FE65
E@ A2CE:4:A2?ED	 +96C6 H6C6  =23@C2E@C:6D E92E A2CE:4:A2E65 2D DF>>2C:K65 :? +23=6 	  ? A2C2==6= 2 =23@C2E@CJ
4@>A2C:D@?($' 96=53J2 @?DF=E2E:G6 @>>:EE667@C >@F?E@7 *F3DE2?46DF?56C '$($ H6C6
CF?@? E96 D2>6 E2C86E 2?2=JE6 2?5>2EC:46 2D'$'($' 3FEH:E9 =2C86C A2CE:4:A2?ED 7C@> H6== C64@8?:K65
%$ D7C@>@E96CC68:@?D2C@F?5E96H@C=5	
 3,"-&)"*/(
==@7E96H@C<D AC6D6?E6596C6H6C64@?5F4E65:?E96C6D62C49724:=:E:6D@7)6D62C496?E6C 7@C 96>:DECJ
 ?5@?6D:2? ?DE:EFE6D @7*4:6?46D =@42E65:?2?5F?8  ?5@?6D:2	

 ::,<,>?=
*2>A=6DH6C65:86DEFD:?8>:4C@H2G65:86DE:@?$:=6DE@?6$#* $:=6DE@?66C82>@ E2=J E96?27E6C
7:=EC2E:@? 2?5 5:=FE:@? H6C6 DF3;64E65 E@ >62DFC6>6?E FD:?8 C2A9:E6 FC?246 E@>:4 3D@CAE:@? *A64EC@>6E6C







:86DE:@?D @7 D2>A=6D :?>:4C@H2G6 2AA2C2EFD H6C6 4@>A=6E65H:E9 E96 2:5 @7 @I:5:K:?8 24:5 @7%&
7C@>"2?E@96>:42=!2A2? 2?5& 7@C>$6C4<6C>2?J	
$2EC:I>@5:7:6C 7@C =6252?2=JD:DH2D2>>@?:F>5:9J5C@86?A9@DA92E6 %'&H9:=6>:IEFC6D@7
2>>@?:F>5:9J5C@86?A9@DA92E62?5>28?6D:F>?:EC2E6H6C6FD657@C425>:F>2?2=JD:D	 @E9@7 C6286?EDH6C6
AC@5F4653J*:8>2=5C:49 ?4	











%& 2?5& 2?5 5:86DE FD:?8>:4C@H2G6 5:86DE6C 244@C5:?8 E@ E96 962E:?8 AC@8C2>>6 2D D9@H? :?+23=6 	
)6>@G6 E96 G6DD6= 4@@=65 @A6?65 2?5 42C67F==J 6G2A@C2E6 E96 D@=FE:@? E@ ?62C 5CJ?6DD	 +C2?D76CC65 D@=FE:@?
BF2?E:E2E:G6=JE@2?6>AEJ5C:653@EE=6E96?5:DD@=G6H:E9%& %7:=E6CH:E9$:==:A@C6>6>3C2?67:=E6C	
+23=6	62E:?8AC@8C2>>6@7>:4C@H2G65:86DE:@?DJDE6> 7@C96C3
&I:52E@C4:5 -@=F>6># '@H6C +:>6>:?
*E6A 
%&   
212   Yohanes Susanto Ridwan and Willy Cahya Nugraha /  Procedia Chemistry  16 ( 2015 )  209 – 215 
& 	  
*E6A  
%&   
























































































)6A62E23:=:EJ@7>6E9@5 :D2? :>A@CE2?E492C24E6C:DE:4@7>6E9@5D3642FD6 :EAC@G:562? :562@79@H3:8 E96

















2?2=JD:D@7425>:F>8:G6)*@7	H9:49 :D8@@54@>A2C65 E@ E2C86E)*@7	42=4F=2E65 7C@>




























 +F:56=:?6 	 E:D@3G:@FD7C@>E966G2=F2E:@?E92EC6A62E23:=:EJ
2?5 C64@G6CJ @7>6E9@5D 2C6 EH@>2;@C 4@?EC:3FE@C @7 F?46CE2:?EJ H9:=6 5:=FE:@? @7 DE2?52C5D H9:49H6C6 5@?6
8C2G:>6EC:42==J @?=J 8:G6 G6CJ D>2== 4@?EC:3FE:@? 7@C 3@E9 425>:F> 2?5 =625 2?2=JD:D C6DF=ED	&G6C2== D@FC46D @7
F?46CE2:?EJ4@F=536D66?:?:8		
214   Yohanes Susanto Ridwan and Willy Cahya Nugraha /  Procedia Chemistry  16 ( 2015 )  209 – 215 
:8		,?46CE2:?EJ3F586E@7 >62DFC6>6?E @7425>:F>2?5=625 :?96C3





















H96C6I  C6DF=E@7 A2CE:4:A2?E/  2DD:8?65G2=F6  E2C86EDE2?52C56G:2E:@? E@8:G6KD4@C6G2=F6@7	2?5
	7@C425>:F>2?5=625C6DA64E:G6=J	+96KD4@C6DH6C6D2E:D724E@CJ4@>A2C65E@E96D2E:D724E@CJ=:>:E@7  
KD4@C6   	
	 +* (0.&+*
*2E:D724E@CJ C6DF=ED 925 @3E2:?65 7@C 3@E9 425>:F> 2?5 =625 2?2=JD:D	 +96D6 C6DF=ED AC@G:56 2 DEC@?8
4@?7:C>2E:@?@7>2:?E2:?6542A23:=:EJ@7 @FC:?DE:EFE6 :?962GJ >6E2=D2?2=JD:D A2CE:4F=2C=J :?96C3	 @@5 C6DF=ED @7
A2CE:4:A2E:@?:? :?E6C?2E:@?2==23@C2E@CJ4@>A2C:D@?D H@F=536 G6CJ 36?67:4:2= 7@C)6D62C496?E6C 7@C96>:DECJ
 ?5@?6D:2? ?DE:EFE6D@7*4:6?46DE@56G6=@A 2 42A23=6496>:42=>6EC@=@8J:?DE:EFE6 :?E964@F?ECJ	
 '*+2("!$")"*/
+96 2FE9@C H@F=5 =:<6 E@ E92?< )6D62C49 6?E6C 7@C 96>:DECJ 7@C 7:?2?4:2= DFAA@CE E9C@F89 27E2C  D:2?
'6=2<D2?22? ?882C2?  '	
	
 Yohanes Susanto Ridwan and Willy Cahya Nugraha /  Procedia Chemistry  16 ( 2015 )  209 – 215 215
"#"-"* ".
 *F592"2C2J:= 92G2?:-:G6<	9	 62GJ$6E2=?2=JD:D 7C@>+C25:E:@?2==JFD656C3 6C@A68:2 ;F?462 )@I3		 !%$9?<8,6!1
"3,<7,.C   DDF6646>36C 	
 .'(!'(!.% +,%)-(!+#!*.))))$%*&( ()%&,.*#)!%(#*(!#)(&$




 .&	.&8F:5=:?6D7@C 2DD6D:?8BF2=:EJ@796C32=>65:4:?6H:E9C676C6?46E@4@?E2>:?2?E2?5C6D:5F6D	  *%	.&
'C6DD.@C=562=E9&C82?:K2E:@?	*H:EK6C=2?5	
	 2C?6D !	(F2=:EJ677:424J2?5D276EJ@74@>A=6>6?E2CJ>65:4:?6D2D9:@?D 724ED2?5E96 7FEFC6	'2CE	)68F=2E:@?2?5BF2=:EJ	 C	 
648"3,<7,.96	   O	

 2C5:?6C'	C292>)	#6865K2	+	9?		:D6?36C8	$	'9:==:AD)	*	24E@CD2DD@4:2E65H:E996C32=E96C2AJFD63J25F=ED:?
E96,?:E65*E2E6D	 =E6C?	+96C	 0,6>30/	  O	
 .@C=562=E9&C82?:K2E:@?.&	 .&+C25:E:@?2=$65:4:?6*EC2E68JO.&6?6G2*H:EK6C=2?5	
 $@D:9FKK2?>2? $	 2?5$	 	 9@H56C	 :776C6?E 4@F?EC:6D	 'C@E@4@=D @? D276EJ 677:424J DE2?52C5:K2E:@? 2?5 5@4F>6?E2E:@? @7 96C32=
>65:4:?6'FC6AA=:6596>:DECJ 	
 "92?*		#	"92?  	FDD2:?"		$2CH2E2?5%	D9EC2J	'C@7:=6@7962GJ>6E2=D :? D6=64E65>65:4:?2=A=2?ED	 ",54=>,89?<8,691
(00/%.408.0$0=0,<.3  	
 ??2 #@K2<"CJDEJ?2 *@=EJ<$@?:<2":=;2? 13:8?:6H :;2=6< ':@EC&DE2A4KF<	 6E6C>:?2E:@? @7 *6=64E65+C246 =6>6?ED :?:6E2CJ
*FAA=6>6?ED@?E2:?:?8'=2?E$2E6C:2=D	 "9699/ ?><%.4  %@	 	
 2:CFK#:J2?2$@95)2D5:%@C"2CE:?: 3F2<2C2?5*92C:729$@92>25	@>A2C2E:G6*EF5J@7*6=64E65+C246=6>6?E@?E6?E:?
$2=2J2?59:?6D6+C25:E:@?2=6C32=$65:4:?6+$,D:?82? ?5F4E:G6=J@FA=65'=2D>2$2DD*A64EC@>6E6C '$* 	8>96
%.4	   	
	 <62?J2?HF)		6E2= 9?<8,691::640/"3,<7,.0?>4.,6%.408.0 -@	
	 56A@;F6==@		6E	2=	 1<4.,89?<8,69149>0.389692C
	 *F592"2C2J:=92G2?:-:G6<9	 !%$9?<8,691"3,<7,.C  
	 *	#	)	==:D@?	.:==:2>D	 FC2496>
 +F:56(F2?E:7J:?8,?46CE2:?EJ:??2=JE:42=$62DFC6>6?EC565:E:@?
	 0		.@?86E	2=44C65:E2E:@?2?5 (F2=:EJDDFC2?46  
	  *&	 *E2E:DE:42=$6E9@5D@C,D6 ?'C@7:4:6?4J+6DE:?83J  ?E6C=23@C2E@CJ@>A2C:D@?D*H:EK6C=2?5	 
	  *&	 @?7@C>:EJD6DD>6?E6?6C2=)6BF:C6>6?ED7@C'C@7:4:6?4J+6DE:?8*H:EK6C=2?5	 	
